INTRODUCTION
Static trunk flexion working postures and disturbed trunk muscle reflexes are related to the risk of low back pain (Marras et al., 1993; Radebold et al., 2000) . Animal studies conclude that these factors may be related in that passive tissue strain in spinal ligaments causes subsequent short-term changes in reflex (Solomonow et al., 2003) . There are no studies that document paraspinal reflex behavior following a period of static flexion-relaxation loading in humans.
Flexion-relaxation occurs during extreme lumbar flexion when the trunk muscles are deactivated and passive tissues in the spine provide full resistance against a flexion load. Flexion loading of the viscoelastic tissues of the spine causes inter-vertebral laxity and tissue creep (McGill and Brown, 1992) . Laxity or creep in these tissues from prolonged ligament strain causes mechanoreceptors to become desensitized and therefore unable to reflexively initiate muscular forces necessary to control destabilizing motion.
The objective of this study was to develop a method to quantify paraspinal reflex gain in human subjects and determine the change in reflex gain following a period of flexionrelaxation.
METHODS
Eighteen subjects maintained static lumbar flexion for fifteen minutes. Flexionrelaxation was assured by monitoring paraspinal EMG activity throughout the flexion period. Paraspinal muscle reflexes were elicited both before and after flexion using force perturbations and recorded from active surface EMG electrodes.
A harness and cable system attached the subject to a servomotor (Pacific Scientific, Rockford, IL) such that cable tension applied flexion loads at the T10 level of the trunk. The motor was programmed to provide three levels of isotonic load, 100 N, 135 N, and 170 N. Superimposed on the preload were force perturbations of ±75 N applied in a pseudo-random stochastic fashion with a flat bandwidth from 0-50 Hz.
To quantify paraspinal reflex dynamics, the EMG response to a force perturbation was modeled as the closed loop transfer function of the system. Reflex gain was identified as the peak value of the impulse response function relating input force to EMG response using time-domain deconvolution analyses (Hunter and Kearney, 1983) . A typical impulse response function is shown in Figure 1 . 
RESULTS AND DISCUSSION
Three primary effects were observed in the results, shown in Table 1 . First, reflexes showed a trend toward increased gain after the period of flexion-relaxation (p<0.054). Second, reflexes increased with trunk extension exertion (p<0.02). Finally, there was a significant effect of gender in reflex gain, with females having larger reflex gain than males (p<0.01).
Reflex latency showed no significant effects for gender, preload level, or flexionrelaxation. These results agree with animal models wherein a hyperexcitable reflex response is observed following prolonged ligament stretch (Solomonow et al., 2003) . It is noteworthy that those feline models demonstrate that the period of hyperexcitability is transient and is followed by a period of prolonged reflex depression lasting up to 7 hours. We suspect this same reflex gain depression following the period of hyperexcitability might be similarly observed in humans and must be investigated in future research.
Systems theory representation of spine biomechanics indicates that reduced feedback gain may adversely influence spinal stability and risk of injury. Likewise, patients with LBP demonstrate reduced and slowed reflexes compared to asymptomatic control subjects, but it remains unclear whether this neuromuscular effect is a compensatory result of low back pain or a contributing cause. Nonetheless, it has been proposed that changes in paraspinal muscle response following flexed posture work may contribute to LBP risk.
